The present study aims to measure the retinal thickness of the macular region of AIDS patients with normal ocular fundus, HIV-related microvascular retinopathy patients and cytomegalovirus retinitis (CMVR) patients by optical coherence tomography, and generalize the characteristics of retinal thickness of these 3 groups of patients.
Introduction
Various retinal anomalies can be found in AIDS patients, and the most commonly used diseases include microvascular retinopathy (MVR) and cytomegalovirus retinitis (CMVR).
The MVR [1, 2] can be found in approximately 50% to 70% of AIDS patients. It often manifests as a cotton wool spot and retinal hemorrhage, and affects the patient's visual function. CMVR is often found in the patients with serious and advanced HIV-1 affection. It may lead to the complete loss of sight and increased mortality, [3] even in the highly active antiretroviral therapy (HAART) period. Furthermore, it is the main reason for the visual acuity impairment of AIDS patients, and the majority of visual acuity impairment cannot be recovered.
OCT is a noncontact, noninvasive, high-resolution, and quantifiable biological tissue imaging technology. With the advantages of fast image capture, clearer imaging, increased axial resolution, and support for 3D image reconstruction, spectraldomain OCT (SD-OCT) can perform thickness measurement, analyze various layers of the retina, and provide accurate data. evaluation [5] of the thickness of the fibrous layer of the retinal nerve. However, there is a lack of corresponding reports on the law of retinal thickness of the macular region in AIDS patients. The present study performed an intra-group and inter-group comparison of patients in the AIDS normal ocular fundus group, HIV-related MVR group, and CMVR group, and analyzed the respective characteristics, providing a certain basis for clinical diagnosis and treatment.
Data and method
2.1. General data 2.1.1. Inclusion criteria. AIDS patients, who received treatment in the Ophthalmology Department of Beijing YouAn Hospital, Capital Medical University and confirmed by the specialist in the Infection Department from January 2012 to April 2015, patients with normal ocular fundus and patients diagnosed with CMVR or HIV-related MVR upon examination of the eyes without anticytomegalovirus treatment. The time period between the initial diagnosis of HIV-positive and the beginning of the study was 1 day to 3 months.
Exclusion criteria.
Patients who have other definite infectious eye lesions, such as herpes virus-related eye diseases (pure herpes simplex viral keratitis, acute retinal necrosis, herpes viral palpebral dermatitis, etc), pneumocystis carinii choroidopathy, ocular toxoplasmosis, fungoid eye disease, bacterial and mycobacterium retinitis, cryptococcus optic nerve retinitis, syphilis-related optic nerve retinitis, glaucoma, maculopathy, and so on. Patients who had hypertension, diabetes, or other comorbid diseases that might damage the vascular structures of the eye. Previous CMVR patients who received anticytomegalovirus treatment, or had complications.
Ethics approval.
This study was conducted in accordance with the declaration of Helsinki. This study was conducted with approval from the Ethics Committee of Beijing You An Hospital. A written informed consent was obtained from all participants.
2.2. Methods of examination 2.2.1. Ophthalmologic examination. Best corrected visual acuity (BCVA), intraocular pressure, and anterior segment examination with a slit lamp: the anterior segment, including the eye conjunctiva, cornea, anterior chamber, iris, and lens, was observed. If the anterior chamber is flashing, the suspended cell, keratic precipitates, and pupil synechia can be identified in the anterior chamber. This will be recorded as an anterior segment abnormity. Indirect ophthalmoscopy and colored ocular fundus photography were also performed.
OCT examination.
Using a NIDEK RS-3000 light interference tomoscanner, the eyes of all subjects were examined through the OCT instrument after mydriasis. Through Macula Map mode scanning, the mode of 9 partitions was dividing the macular region into the fovea, inner and outer region, according to a distance of 1 mm, >1 to 3 mm and >3 to 6 mm from the macula central fovea, and dividing the macular region into 4 quadrants (superior, inferior, temporal, and nasal quadrant) according to the 2 straight lines that passed the macula central fovea, with angles of 45°and 135°, thereby obtaining the retinal thickness of the 9 partitions: fovea, superior-inner, nasal-inner, inferior-inner, temporal-inner, superior-outer, nasal-outer, inferior-outer, and temporal-outer. The value was automatically obtained through the software system, according to the scanning results. No treatment was given to CMVR patients before the OCT examination.
2.2.3.
General check-up. AIDS-related immunological detection was carried out for all patients: The blood auxiliary CD4+ Tlymphocyte count detection was carried out, and the HAART state of all patients was recorded.
2.3. Diagnostic criteria 2.3.1. Diagnostic criteria of CMVR. According to the ACTGA standard, the diagnosis of CMVR can be confirmed by an experienced ophthalmologist according to the characteristic retinal change observed in the ocular fundus. [6] The characteristic manifestation of CMVR is as follows: the lesion retina manifests with a yellowish-white retinal focus and regional infiltration, accompanied by a dropsical white boundary or granular white boundary, with or without retinal hemorrhage. [7] The progress of the CMVR is recorded by ocular fundus photography. The exclusion criteria include other necrotic retinitis [8] caused by VZV, HSV, syphilis, toxoplasmosis, or lymphoma.
Diagnosis of HIV-related MVR.
Most of these patients have no symptoms. The clinical manifestations are cotton wool spot, and sometimes retinal hemorrhage and hemangioma capillanisum, and these have little impact on the patient's visual function. Furthermore, there is no the manifestation of iritis or hyaloiditis. [7, 8] 
Data processing and statistical analysis
The SPSS 22 software is used for the statistical analysis, and the difference was statistically significant in the case of P < .05. The statistical description was determined for the measurement of normally distributed data according to the mean ± standard deviation, and the comparison among groups was performed using t test or variance analysis. For non-normally distributed data, the statistical description was determined according to the median (minimum and maximum), and the comparison was performed using the rank-sum test. The description for count data was determined according to the number of cases (percentage). The comparison among groups was performed for data that conformed to the chi-square test conditions, and the Fisher exact test was performed for data that did not conform to the chi-square test conditions. A matched pair design was used for the comparison of quantitative data. The internal subtraction of pairs was performed to determine the difference of the samples, namely, the quantitative data. A normality test was carried out for the difference sample. If the difference was normally distribution, a paired t test was carried out. Otherwise, a signed rank-sum test of the paired data was carried out. The normality test and homogeneity test of variance were carried out for the mutually independent random samples of the 3 groups. If these 3 groups of samples were normally distributed and have equal variance, 1-way analysis of variance was performed. Otherwise, Kruskal-Wallis test was carried out. Multiple linear regression analysis was performed to analyze the relationship between the measured parameters and the thickness of the macular region.
Results

General clinical data
Among the 111 AIDS patients, 33 patients had normal ocular fundus upon examination of the eyes, 31 patients were diagnosed 
Basic examination of the 3 groups of patients
The BCVA of patients in the AIDS normal ocular fundus group, HIV-related MVR group, and CMVR group was 0.97 ± 0.08, 0.94 ± 0.09, and 0.75 ± 0.29, respectively. Furthermore, the blood CD4+ T-lymphocyte count of patients in the AIDS normal ocular fundus group, HIV-related MVR group, and CMVR group was 19.5 (3, 152), 29 (0, 387), and 16 (1, 355), respectively, and no significant difference was found among groups. Moreover, 25 of 33 patients in the AIDS normal ocular fundus group, 38 of 47 patients in the HIV-related MVR group, and 17 of 31 patients in the CMVR group did not take HAART, occupying 75.8%, 80.9%, and 54.8%, respectively. In the statistical analysis of the number of patients who took HAART, there was significant difference (P < .017) in HIV-related microvascular retinopathy group and CMVR group. No significant difference was found in normal versus HIV-related microvascular retinopathy group and normal versus CMVR group (Table 1) .
Difference in variable values of the left and right eyes of patients in the AIDS normal ocular fundus group
For the 33 AIDS patients with normal ocular fundus, their average age was 33 ± 11 years old, the mean visual acuity was 0.97 ± 0.08, and the difference in retinal thickness of the 9 macular partitions between the left eye and right eye of AIDS patients with normal ocular fundus was not statistically significant (P > .05) ( Tables 2 and 3 ).
Retinal thickness of the macular region and visual acuity analysis of the affected eye and healthy eye of patients with monocular MVR
For the 47 patients in the retinal microangiopathy group, their average age was 34 ± 11 years old, and the number of patients with monocular disease was 24 (51.06%). After the normality test, the P-value was >.05 through the rank-sum test or paired t test of the paired data, and there is no difference in retinal thickness of the macular region and visual acuity between the affected eye and healthy eye of patients with monocular MVR (Tables 4 and 5 ). For the 31 patients in the CMVR group, the number of patients with monocular disease was 15, and their average age was 39 ± 9.68 years old. Based on the statistical analysis, the BCVA of the affected eye of patients with CMVR was lower than that of the healthy eye, while the retinal thickness of the affected eye was larger than that of the healthy eye in the fovea, inferior-inner, temporal-inner superior-outer, and inferior-outer (P < .05). The difference was statistically significant (Tables 2-6 and 2-7). Table 5 Paired t test of the affected eye and healthy eye of patients in the MVR group.
The affected eye (x ± s) The affected eye (x ± s) d (x ± s) t P Table 6 Paired rank-sum test of the affected eye and healthy eye of patients in the CMVR group. The sample is expressed in M (max, min). CMVR = cytomegalovirus retinitis. Table 7 Paired t test of the affected eye and healthy eye of patients in the CMVR group.
The affected eye (x ± s) The healthy eye (x ± s) d (x ± s) t P The start of HAART was significantly different in the HIVrelated MVR group and CMVR group (P < .017). The proportion of patients in the CMVR group that started to take the HAART was high, but there was no difference in such indicator among patients in the AIDS normal ocular fundus group, HIVrelated MVR group, and CMVR group. (Tables 2-8 ).
The difference in retinal thickness of the macular region in the superior-outer and inferior-outer of patients between the AIDS normal ocular fundus group and HIV-related MVR group was statistically significant. Furthermore, the thickness in these regions in patients in the HIV-related MVR group was larger than that in patients in the AIDS normal ocular fundus group. However, the remaining test indicators were not statistically significant between these 2 groups. Although the difference in retinal thickness of the superior-inner region in patients between the AIDS normal ocular fundus group and CMVR group was not statistically significant, this was statistically different in the other regions. The thickness of various regions obviously increased in patients in the CMVR group, but visual acuity obviously decreased. The difference in thickness of various regions in patients between the HIV-related MVR group and CMVR group was statistically significant. The thickness in patients in the CMVR group obviously increased, but visual acuity obviously decreased (Table 8) . No independent variables were correlated to the thickening in normal ocular fundus group and HIV-related microvascular retinopathy group. In CMVR group, the multiple linear regression analysis showed that the blood CD4+ Tlymphocyte count was correlated with macular thickness (Table 9 ).
Discussion
The present study conducted an intra-group and inter-group comparison of the visual acuity, CD4+ T-lymphocyte count, start of HAART and retinal thickness of the macular region in patients in the AIDS normal ocular fundus group, HIV-related MVR group and CMVR group.
(1) OCT characteristics of patients in the AIDS normal ocular fundus group: The present study performed a statistical analysis of various data of the left eye and right eye of patients in this group. The binocular difference in retinal thickness of various partitions of the macular region was not statistically significant, and the median of the retinal thickness of the fovea of the left eye and right eye was 256 (290, 229) mm and 256 (287, 229) mm, respectively. The fovea retina was the thinnest, the temporal retina was thinner, the nasal and superior retinas were thicker, and the inner retina was thicker than the outer retina. Consistently, the superior and inferior retinal nerve fiber layers of the macular region were thicker, the nasal retina of the macular region was closer to the optic nerve head, and the maculary fasciculi of optic nerve head 
The same letter shows that the difference in the 0.05 inspection level between the 2 groups was not statistically significant. *
There was no statistical difference in the results of the start of HAART between group 1 and group 2, and group 1 and group 3, but the difference between group 2 and group 3 was statistically significant. There is no difference in the results of blood CMV DNA between group 1 and group 2, and group 1 and group 3, but the difference between group 2 and group 3 was statistically significant. HAART = highly active antiretroviral therapy Table 9 Multiple linear regression analysis in CMVR group. were richer than the temporal. This is similar to the study conducted by Kakinoki et al [9] with the same mode for normal Japanese subjects with an average age of 49.9 years old and an average fovea retinal thickness of 257.6 ± 19.6 mm.
Model
(2) OCT characteristics of patients in the HIV-related microvascular retinopathy group: Among the 47 patients in the HIVrelated MVR group, 24 patients had monocular disease. The statistical analysis of the retinal thickness of the healthy eye and affected eye of patients with monocular disease was performed, and the difference in retinal thickness between the healthy eye and affected eye was not statistically significant. In this group, the fovea retina was the thinnest, the temporal retina was thinner, the nasal and superior retinas were thicker, and the inner retina was thicker than the outer retina. (3) OCT characteristics of patients in the CMVR group: In the present study, the thickness of various macular regions in the CMVR group generally increased, and the reflection of the entorretina increased. [10] This is consistent with the study results reported by Japanese scholar Yashiro et al, [11] but is contradictory to the study results reported by Pathai [12] and Plummer. [13] Plummer et al used a Heidelberg retina tomograph to measure the thickness of the nerve fiber layer in 38 HIV positive patients with or without CMVR and 24 HIV negative controls, and found that the thickness of the nerve fiber layer of HIV positive patients was smaller than that of the controls, regardless of CMVR. Pathai et al verified the deficiency of the retinal nerve fiber layer of patients with HIV infection through OCT examination. The reason for the analysis was that the CMVR patients were at the early stage of CMVR when they took the OCT examination, and the ocular fundus mainly manifested in the exudation of yellowish-white particles, accompanied by retinal hemorrhage. This clinical manifestation was deemed to be retinal necrosis and different degrees of edema histologically, and significant damage [14] to the retinal structure was the most serious [15] in the active retinitis area, thereby leading to increased retinal thickness of the affected eye in the CMVR examination results. The study conducted by Invernizzi et al revealed that patients with active CMVR have 100% hemorrhage and retinal swelling. [16] With the implementation of treatment or progress of the course of disease, the early lesion would gradually become static. With the clearing of necrotic tissue, this would gradually become the gray or transparent neuroglia scar tissue, allowing the retinal and RPE atrophy to be obvious seen in the scar tissue area. This study shows that the retinal atrophy caused by the CMVR would gradually develop [17] at 2 years after the attack. If the OCT examination is carried out at this time, the retina and retinal nerve fiber layer will become thin.
Compared with the normal ocular fundus group, the thickness of the remaining regions, except for the superior-inner retinal thickness, obviously increased and visual acuity obviously decreased in the CMVR group. The reason may be that the CMVR lesion location of patients in this group was not in the superior-inner area. Different results may be attained when the sample size of patients in this group is increased.
(1) The difference in nasal-outer and temporal-outer retinal thickness of patients in the CMVR group between the affected eye and healthy eye was not statistically significant. The thickness of the healthy eye increased, which may have be caused by the retinal pigment epithelium decompensation [18] induced by the subclinical dysfunction of the macular photoreceptor and inner retina, as well as damage to the blood-retina barrier. (2) The cotton wool spot in the SD-OCT image can be shown as an increase in nerve fiber layer, [19] and the superior-outer and inferior-outer retinal thickness of patients in the HIV-related MVR group increased, when compared with that in patients in the AIDS normal ocular fundus group. This may be due to the appearance of the cotton wool spot in this region.
Healthy subjects were not included in the present study. Hence, there may be bias in comparing the thickness of various OCT regions of AIDS patients in various groups with the study results of domestic and foreign literatures. Healthy Chinese subjects should be included in a comparative study in the future. In addition, a study revealed that the macular region of newly diagnosed patients with higher viral load obviously thickened, [20] when compared with HIV infection patients that received treatment. The OCT characteristics can be further summarized by refining patients in the CMVR group according to the course of disease and ocular fundus lesion area.
Conclusion
The retinal thickness of macular region of patients in the CMVR group generally increased, and the superior-outer and inferiorouter retinal thickness of patients in the HIV-related MVR group increased, when compared with patients in the AIDS normal ocular fundus group. Furthermore, the OCT examination results of AIDS patients with different eye diseases have their own characteristics.
